Under general anaesthesia and muscle relaxation, a thoracic epidural catheter was inserted at the T8 -T9 level in a 7-year-old boy scheduled to have a Nissen fundoplication to provide postoperative analgesia. After 4 ml of lignocaine 1.5% was injected through the catheter, hypotension resulted. Fifty-five minutes later 5 ml of bupivacaine 0.25% produced the same effect. In the recovery room a similar injection resulted in lower blood pressure and temporary apnoea. Sensory and motor deficits were noted the next day and four days later magnetic resonance imaging demonstrated spinal cord syringomyelia extending from T5 to T10. Four years later, dysaesthesia from T6 to T10 weakness of the left lower extremity and bladder and bowel dysfunction persist. The risks of inserting thoracic epidural catheters in patients under general anaesthesia and muscle relaxation are discussed, emphasising the possibility of spinal cord injury with disastrous consequences.
Neuraxial blocks are usually performed with the patient awake or sedated, with one of the reasons for this approach being the ability to recognize paraesthesia, if produced by the needle or catheter, and supposedly thus to avoid neurological injury 1, 2 . Some paediatric anaesthetists 3, 4 prefer to perform epidural or spinal anaesthetics in anaesthetized patients, especially children. These two opposite approaches have become the subject of controversy 1, 3 . Relevant to this debate, we report a case of syringomyelia occurring in an anaesthetized and paralysed child, in whom a catheter was inserted into what was thought to be the thoracic epidural space.
CASE REPORT
A 7-year-old boy (weight 36 kg, height 1.05 m) was being treated medically for gastro-oesophageal reflux. When the medications were withheld and symptoms returned, he was referred for surgical treatment.
A Nissen fundoplication was scheduled at a paediatric hospital. General anaesthesia was induced with propofol 110 mg and the trachea was intubated after intravenous (IV) rocuronium bromide 30 mg. Anaesthesia was maintained with isoflurane in nitrous oxide and oxygen. The patient was turned to the right lateral decubitus position and after several failed attempts by a paediatric anaesthesia fellow, a supervisory consultant inserted the needle at the T8-T9 level. The "loss of resistance" technique appeared to have identified the epidural space and no CSF was noted. An epidural catheter was inserted and threaded 3 cm cephalad. Lignocaine 1.5% with adrenaline was given, after which the blood pressure (BP) dropped from 100/55 to 60/25 mmHg before correction with ephedrine 5 mg IV. Fifty-five minutes later, bupivacaine 0.25% 5 ml was injected into the catheter, resulting again in a fall of BP from 120/60 to 90/40 mmHg.
The operative procedure continued uneventfully for another 65 minutes before the patient was transferred to the Post Anaesthetic Recovery Area, where the BP was 103/63 mmHg and the heart rate (HR) 100/min on arrival. Forty minutes later, when the patient complained of pain, 0.25% bupivacaine 5 ml was given through the catheter. This was followed by sudden fall of oxygen saturation (SaO 2 ) to 37% and BP reduction to 88/39 mmHg. Manual ventilation with 100% oxygen using a bag and mask was given for 35 minutes until spontaneous respiration returned and the patient regained consciousness, although he was noted to be drowsy and the sensory block was documented at T6 level. Before removal, aspiration of the catheter revealed clear CSF.
The patient was sent to the ward with vital signs within normal limits, but with a sensory block to T7 and inability to move his lower extremities. The next day he was noted to have numbness in his left leg and on the second postoperative day he had weakness of the same extremity. The following day, he was noted to have "difficulty walking" with "weakness of the left hip and knee." On the fourth postoperative day, a consultant neurologist found weakness and areflexia of the left lower extremity and the skin temperature on this limb was less than rest of the body. His diagnosis was "incomplete spinal cord injury (thoracic and lumbar)". He recommended a magnetic resonance image (MRI) scan and suggested consideration of treatment with steroids. The MRI showed "high signal within the spinal cord from T5 to T10 with evidence of enlargement and oedema of the cord". The axial and sagittal images showed syringomyelia from T5 to T10 (Figures 1 and 2) . No steroids were ordered.
The patient's left leg weakness gradually improved, although it was soon noted that he had serious bowel and bladder dysfunction, having gone seven days without a bowel movement and at times 20 hours without voiding. He required catheterization for considerable hesitation with micturition. Four years later, the patient still has these symptoms, requires daily laxatives and enemas and occasional bladder catheterization. He has decreased sensation to pinprick on the left side from T6 to T10, with rare bouts of flushing and diaphoresis.
DISCUSSION
This case illustrates an unfortunate complication of thoracic epidural anaesthesia. Because the catheter was inserted when the patient was anaesthetized and paralysed, it appears that the tip of the needle entered the parenchyma of the spinal cord undetected. The inferior end of the cavity corresponded approximately to the point where the puncture, that was finally thought to have entered the epidural space, was made (Figures 1 and 2 ). As no CSF came from the needle hub, the catheter was inserted, guided cephalad by the direction of the needle bevel and when local anesthetic was injected, the fluid formed and expanded a cavity. One can only presume that the medullary fascicles were separated without transecting them 5 , as ultimately the patient partially recovered from some of the initial sensory and motor deficits. Nevertheless, he sustained a permanent cauda equina type syndrome 6 , which is not uncommon in thoracic spinal cord injuries. This type of traumatic syringomyelia has been considered a cavitating form of arachnoiditis 7 since it is usually accompanied by an early reactive inflammatory phase eventually leading into a proliferative phase 8 tion subsides (usually after about three months).
Although some authors report few neurological deficits after thoracic epidural anaesthesia in specialized centers 9,10 , cases of complicated thoracic epidural catheterization may be more common than reported. National 11 and regional 12, 13 surveys of complications of spinal and epidural anaesthesia have not specified the incidence of neurological complications from thoracic epidural anaesthesia compared to the lumbar approach. Moreover, surveys are of limited validity because only a fraction of the potential respondents return answers and most of them are subjective. In a more objective closed claims analysis 14 that reviewed cases of neurological damage from anaesthesia, of 60 instances of spinal cord injury due to regional anaesthesia, four (8%) followed thoracic epidural anaesthesia. These reports do not represent the exact incidence, given that it is likely many cases go unreported, are not litigated or are attributed to other causes 14, 15 .
From published data 2,16-18 , undiagnosed neurological disease, multiple attempts to find the epidural space, paraesthesia, unexpected dural puncture and blood tinged CSF are factors associated with neurological deficit from neuraxial block. If feasible it may be advisable to abandon the regional anaesthetic procedure should one or more of these events occur.
In this case, at least two other precautionary measures were not used: a) It was necessary to administer subsequent dosages, on demand, without the usefulness of a "test dose" in reference to the level of sensory block. b) The catheter was not aspirated prior to making further injections. This is especially important since sudden changes of vital signs (hypotension, bradycardia or tachycardia) had occurred after injection of local anaesthetic. Cheney et al 14 also noted that in the majority of the cases involving litigation there had been a delay in diagnosis, as in this case. A "wait and see attitude" may be hazardous and instead the anaesthetist responsible for the case must follow the patient closely in the hours subsequent to a complicated case. In addition to determining if there are new symptoms (numbness, weakness, bladder and bowel dysfunction 19 , abnormal regional skin temperature changes 20 ) a neurological examination must be performed. If the catheter remains in place, we suggest obtaining an epidurogram using water soluble dye, followed by a roentgenogram or a computerized axial tomographic scan to determine the location of the catheter tip. If the catheter has been removed, an emergency MRI scan, with contrast, should be considered as a means of arriving at a precise diagnosis promptly 21 . In cases of epidural haematoma immediate surgical decompression is imperative. When there is evidence that the spinal cord, cauda equina or nerve roots have been injured, the administration of parenteral steroids within the first 24 hours, as suggested by Bracken et al 22, 23 for traumatic injuries, can be considered.
The different features of the thoracic vertebrae may make epidural anaesthesia more difficult for the inexperienced and, moreover, the presence of the spinal cord renders it more susceptible to injury. These reasons may be why some anaesthetists appear to have gone to extraordinary measures to avoid puncture at the level of the thoracic spine. For example, Tsui et al 24 proposed thoracic analgesia by means of caudal catheter insertion, guiding the catheter using a nerve stimulator. Also, Horlocker and collaborators 15 appeared to have preferred to insert over 4000 epidural catheters while patients were anaesthetized, for major thoracic and upper abdominal surgery, and reported only six neurological deficits based on a retrospective review of the neurology consults. This contention is also supported in that a survey of anaesthesiology residents conducted by Smith et al 25 concluded that they did not feel confident with blocks they seldom performed, including thoracic epidural anaesthesia.
In the editorial by Krane et al 3 , dozens of publications describing paediatric patients who were anaesthetized prior to epidural injection or catheterization were mentioned. However, of more than 24,000 blocks represented, only 150 were thoracic epidural anaesthesia, so their statements can hardly apply to this approach. Other authors 9,10,26 describing adult practice and Fortuna 27 , Baquero 28 and Melman et al 29 in neonates, infants and children performed both neuraxial and peripheral nerve blocks in sedated patients for over 25 years. This demonstrates that these techniques can be done without rendering the patient immobile and totally unresponsive, maintaining the benefit of observing paraesthesia should it occur. However, the common denominator in the latter series of reports was an experienced anaesthetist.
In our opinion, inserting epidural catheters in the cervical, thoracic and upper lumbar regions in anaesthetized, paralysed patients, where the spinal cord may be injured and paraesthesia cannot be detected, is unquestionably more hazardous 1, 30 . It also precludes the benefit of determining the sensory level produced by a "test dose". We concur with Horlocker and Caplan 31 who considered that "the possibility of a catastrophic result, though not frequent, hardly justifies this convenience". Alternatives for postoperative analgesia in similar cases include intercostal or paravertebral regional blocks or intravenous patient-controlled analgesia.
